In the framework of Sp(2) extended Lagrangian field-antifield BV formalism we study systematically the role of finite field-dependent BRST-BV transformations. We have proved that the Jacobian of a finite BRST-BV transformation is capable of generating arbitrary finite change of the gauge-fixing function in the path integral.
Introduction and Summary
In the previous articles [1, 2, 3] systematic studies of the role of finite field dependent BRST transformations have been conducted in various types of quantization formalisms. Firstly, this was done in the framework of the standard generalized Hamiltonian BFV formalism [1] , as well as in its Sp(2) extended counterpart [3] . Secondly, a similar study was performed in the framework of the standard Lagrangian field-antifield BV formalism [2] . The main result in all cases is that the Jacobian of a finite field dependent BRST transformation is capable of reproducing an arbitrary finite change of the gauge-fixing function in the corresponding path integral.
In the present article, we will develop a similar study in the Sp(2) extended Lagrangian field-antifield formalism [4, 5, 6 ] (see also an alternative approach to the problem of BRSTantiBRST invariant quantization of general gauge theories in Lagrangian formalism [7] ). The main new feature, in the situation at hand, is that the algebra of BRST-BV transformations is open in the antifield sector, while it is Abelian in the sector of fields. It is therefore in general impossible to have integrable partial differential equations in the Sp(2) extended BRST parameters for the total set of field-antifield variables. However, as the parameters are only allowed to depend on fields, the corresponding partial differential equations are integrable. At the same time, for the total set of variables, one can formulate the Lie equations in terms of a Bosonic rescaling variable for the Fermionic BRST parameters. Then, when considering the Jacobian of the transformation, we can split the Jacobian into two pieces: the first one is calculated for constant BRST parameters; the second piece comes from the field dependence of the BRST parameters. The second piece is just responsible for generating the required change of the gauge-fixing function in the path integral. It appears that integrable Lie equations in the field sector are consistent with the compensation equation, which determines the necessary field dependence for the BRST parameters.
Standard Formulation and Sp(2) Differential for Fields
be a set of variables necessary to describe an arbitrary Lagrangian gauge field theory within the framework of Sp(2) extended field-antifield formalism [4, 5, 6] . Here in (2.1) a capital Latin index "A", "B", . . ., from the beginning of the alphabet, should be understood in the sense of DeWitt's condensed notation [8] as a condensed index of fields and antifields, while a small Latin index "a", "b", . . ., from the beginning of the alphabet, is a vector index of the Sp(2) group. The variables (2.1) have Grassmann parities
respectively. We will denote partial derivatives with respect to the variables (2.1) as
In terms of the variables (2.1), the path integral for the partition function reads
where
and ε ab = −ε ba is the constant Sp(2) invariant tensor, while ε ab = −ε ba stands for its inverse. In 
Fermionic operators (2.7), (2.8) satisfy the algebra
Here and below ...{a...b}... means symmetrization in a and b indices. The quantum master equation (2.6) can equivalently be rewritten in its quadratic form, which is convenient for series expansion,
where in the left-hand side, we have denoted the Sp(2) extended antibracket
The antibracket (2.13) is Grassmann odd,
it satisfies the Leibniz rule,
it satisfies the Jacobi identity,
and it is differentiated by both the operators (2.7) and (2.8),
Now let us make the essential observation that the gauge-fixed quantum action can be rewritten in the following equivalent form
where the (right) Fermionic Sp(2) differential is defined by
Its counterpart acting from the left reads
where G is a function of all variables. It is a remarkable feature of (2.19) that the dependence on the gauge-fixing function F is here accumulated in the fourth term alone, which is similar to what happens in the corresponding Hamiltonian formulation [3] .
3 Sp(2) Extended BRST-BV Generators and Their Algebra
Now let us define the (left) Sp(2) extended BRST-BV generators by
Due to the quantum master equation (2.12), it follows from (3.1) that
and that the generators (3.1) satisfy the algebra
The (right) Sp(2) extended BRST-BV generators are written as 6) so that the relation
holds for a function G of all variables.
Thus, we conclude from (3.3) that in the total field-antifield space, the algebra is open, while it is Abelian in the field sector {Φ
A , π Aa }.
Lie Equations and Finite Sp(2) Extended BRST-BV Transformations
Let us denote the set of field-antifield variables (2.1) by z i . We next consider the Lie equation for a finite BRST-BV transformation, restricted to a one-parameter subgroup of t-rescaling of the Fermionic parameter µ a , µ a → tµ a , where t is a Bosonic parameter,
For constant µ a , the formal solution to that equations reads
As the algebra (3.
3) is open in the total field-antifield space, it is impossible to deduce integrable partial differential equations in the parameters µ a themselves for all the variables z i . However, if one considers only the field sector z α = {Φ A , π Aa }, then the integrable partial differential 
For further convenience, let us also write down a counterpart to (4.5) for inverse transformation,
It follows from (3.2) and (4.1) that
Jacobian and Compensation Equation
Let again z i be the set (2.1) of field-antifield variables. Now we would like to study the general structure of the following Jacobian
where z i is defined in (4.1) with parameters µ a depending on the field variables z α = {Φ A , π Aa } and λ A . In general, we have
Here on the right-hand side, in the first term, the right ← − ∂ k derivative is taken for constant µ, while the second term is just an effect of µ being z α dependent. Then, by using (4.1), (4.6) we
and where we have used that the t-derivative of the second term in (5.2) equals
with G α β satisfying the equation
It follows from (5.6) that
By substituting (5.7) into (5.5), we get for the latter exactly the second term in (5.3). Now, it follows from (4.7) and (5.3) that 8) so that
In order to change the gauge-fixing function
with a finite amount δF , we must have
We must also require the following condition to hold
or explicitly
We call (5.15) "a compensation equation". This equation determines the necessary dependence of the parameters µ a on fields. There is an obvious explicit solution to that equation, namely If one chooses the parameters µ a in the form (5.16), then it follows due to (5.9) and (5.11), that
so that the partition function is independent of the gauge-fixing F .
Sp(2) Extended Modified Ward Identities
Let us define the generating functional for Green's functions by adding the action of external sources to the gauge-fixed quantum action W F (2.5) or (2.19),
where, again, z α = {Φ A , π Aa } is the field sector.
Let us make in (6.1) an infinitesimal change with constant µ a ,
of the total set z i of the field-antifield variables (2.1). We get then the standard Ward Identities
where ∂ α and ∂ αa is the partial derivative with respect to ζ * * α and ζ * αa , respectively. Now let us perform in (6.1) a finite BRST-BV transformation defined by (4.1) and (4.2), with arbitrary µ a (z); we get then what we call "a modified Ward identity", 
